Background-Cardiovascular disease (CVD) is a leading cause of morbidity and mortality in women and may vary by hysterectomy (or oophorectomy) status. This study compared CVD risk factors and rates between postmenopausal women who had and had not undergone hysterectomy, with or without oophorectomy. Methods and Results-This analysis was conducted on 89 914 women in the Women's Health Initiative (WHI)
with a hysterectomy than in women with no hysterectomy, 6 and CVD rates differed for the placebo group in the 2 trials. 10, 11 To the best of our knowledge, there have been no comparisons of CVD risk factors and outcomes in women with or without hysterectomy in a longitudinal cohort. We sought to examine the hypothesis that the prevalence of CVD risk factors and rates of CVD may vary in women by hysterectomy status.
The WHI Observational Study is composed of 93 676 women who, after baseline examination, have been under continued surveillance for CVD outcomes. These women represent a wide range of ethnicity, education, and socioeconomic status, and 41% have undergone hysterectomy. This data set provides an opportunity to examine whether hysterectomy independently increases risk for CVD in postmenopausal women. In this article, rates of CVD, total mortality, and the prevalence of CVD risk factors are compared in women who had and had not undergone hysterectomy/ oophorectomy at the time of enrollment to explore the relationship of hysterectomy with or without oophorectomy to CVD risk factors and to CVD events.
Methods

Study Population
The WHI Observational Study includes 93 676 women who were invited to join 1 of 2 randomized, controlled clinical trials (a diet trial and a hormone trial) but who were either ineligible or were not interested after initiating screening and who were interested in contributing natural history data. 12 Postmenopausal women ages 50 to 79 years were recruited at 40 clinical centers throughout the United States between September 1994 and December 1998. The only exclusions were the expectation of not residing in the area for 3 years, having a medical condition associated with a predicted survival of Ͻ3 years, and inability to provide informed consent. Postmenopausal status was defined as absence of menstrual bleeding for 1 year if under age 55 years and for 6 months if over age 55. The participants provided written informed consent in a form approved by the clinical centers' institutional review boards before completing self-administered forms and undergoing an interview, physical examination, and blood sample collection at baseline. The present analysis is based on baseline and follow-up data for a subset of women in the WHI Observational Study (nϭ89 914) for whom ethnicity and previous hysterectomy and oophorectomy could be characterized as described below.
Measures
Participants provided data on a wide range of variables, including dietary habits, medical history, physical activity, medications and supplements, and socioeconomic status. Ethnicity was determined by self-report with the following categories: non-Hispanic white, African-American/black (non-Hispanic), Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, or unknown (women who indicated "other" ethnicity or did not answer the question). In this analysis, participants in the "Unknown" ethnicity category were excluded. The proportion of caloric intake as fat and as saturated fat was determined by a food frequency questionnaire that was based on instruments used in the Women's Health Trial studies, 13, 14 the Working Well Study, 15 and the Women's Health Trial Feasibility Study in Minority Populations. 16 Physical activity was assessed by self-report of frequency and duration of 4 walking speeds and 3 other types of recreational activity (classified as strenuous, moderate, or light intensity). The analytic variable was calculated as episodes per week of moderate or strenuous physical activity of at least 20 minutes' duration (includes walking fairly fast or very fast, moderate physical activity, and strenuous physical activity at metabolic equiv-alent Ն4.0). Education and income were ascertained by choice from a range of categories. Current use of postmenopausal hormone therapy was ascertained via an interview on current and past hormone use.
Hysterectomy status was determined by asking, "Did you ever have a hysterectomy? (This is an operation to take out your uterus or womb.)" Oophorectomy status was determined by asking, "Did you ever have an operation to have one or both of your ovaries taken out?" with response categories of "No," "Yes, one was taken out," "Yes, both were taken out," "Yes, part of an ovary was taken out," "Yes, unknown number taken out," and "Don't know." Women indicating either of the latter 2 categories had their bilateral oophorectomy status set as "missing." All women with missing hysterectomy or bilateral oophorectomy status (nϭ2094) were excluded from this analysis, as were women who reported an intact uterus but a bilateral oophorectomy (nϭ360). Women retaining both, 1, or part of 1 ovary were assigned to the "ovarian preservation" category. Age at menarche and hysterectomy, parity, and age at first birth were ascertained via self-administered questionnaires. Early hysterectomy was defined as having the surgery before 40 years of age.
Baseline weight was determined on a calibrated balance beam scale, with the women wearing indoor clothing but no shoes. Height was determined with a calibrated, wall-mounted stadiometer. Waist circumference was measured at the end of normal expiration over nonbinding undergarments in a horizontal plane at the natural waist. Blood pressure was measured with standard protocols, including measurement of an arm circumference for cuff size and having the subject sit quietly for 5 minutes before the measurement. The average of 2 determinations, 30 seconds apart, was used. Hypertension was defined as a blood pressure of 140/90 mm Hg or more or self-report of the use of antihypertension medication.
Although fasting blood samples were collected from the entire cohort, laboratory measures have been performed only on a subsample (1% in the Observational Study), stratified by age and ethnicity. Thus, elevated cholesterol was estimated as those women who reported that a doctor told them they had high cholesterol that required the use of pills. Diabetes was determined by the participant's self-report of a doctor's diagnosis of diabetes or high blood sugar when not pregnant.
Outcome Ascertainment
Detailed definitions of outcomes and methods for ascertaining, documenting, and classifying outcomes have been published. 17 In brief, women were contacted twice each year to determine whether they had been hospitalized or had undergone a procedure suggestive of a CVD end point. Medical records for all positive responses were reviewed and abstracted. Adjudication of the key cardiovascular outcomes requiring hospitalization was performed centrally by WHI physician adjudicators. Summary measures of total CVD included a broader list of events that were adjudicated by either the central or local physician adjudicators. A definition of the key outcome is summarized below.
Cardiovascular Disease
Coronary heart disease was defined as acute myocardial infarction (MI) that required overnight hospitalization or as coronary death. Stroke diagnosis was based on the rapid onset of a neurological deficit that lasted Ͼ24 hours and required hospitalization and was supported by imaging studies when available. Coronary revascularization procedures were validated by medical record review. The incident CVD outcome for the present analysis encompasses coronary death, MI, stroke, and coronary revascularization procedures.
Statistical Methods
Hysterectomy status was divided into 3 groups: no hysterectomy and no bilateral oophorectomy, hysterectomy only (with ovarian preservation), and hysterectomy plus bilateral oophorectomy. The relationship between ethnicity and hysterectomy status was examined by first looking at the percentage of participants who had a hysterectomy, followed by the percentage of women who also had a bilateral oophorectomy for each ethnic group (Table 1) . A Bonferroni adjustment for the 10 possible ethnic comparisons was used to compare percentages between ethnic groups.
Descriptive statistics, such as frequencies, percentages, and means, were used to describe the study population and to explore the relationship between descriptive variables and the 3 groups of women by hysterectomy/oophorectomy status ( Table 2 ). Comparisons for continuous variables were made with ANOVA models with the covariate of interest as a response variable and hysterectomy/ oophorectomy status as an explanatory variable. For categorical variables, comparisons were measured with a 2 test. Probability values are presented that compare the 3 hysterectomy status groups and all those with hysterectomy to those without.
Frequencies and annual percentages were computed to examine the relationship between various incident CVD outcomes and the 3 groups of women by hysterectomy status (Table 3 ). Percentages were calculated as the total number of events divided by the total follow-up time (measured in participant years). Follow-up here is the time from enrollment to the event, or if no event, to the date of the last follow-up contact. Probability values to compare the relationship between the occurrence of the individual CVD outcomes and hysterectomy status were computed from a Cox proportional hazards model, with hysterectomy status (done separately with and without an extra level for oophorectomy status) modeled as a predictor of each individual event. Participants who reported baseline CVD, angina, or congestive heart failure were excluded both from this annualized percentage analysis and all modeling.
Variables significant at the 0.05 level in the descriptive analyses were fitted in 3 separate Cox proportional hazards models, with incident CVD as the response variable. Each hysterectomy status group was analyzed in a separate model in an attempt to ascertain which variables were predictors of incident CVD.
Finally, 1 main Cox proportional hazards model was run that combined all 3 hysterectomy status groups and each of the significant predictors of incident CVD from the 3 individual models, thus forming a combined final model. This model was initially run with hysterectomy status as the only covariate and then rerun multiple times with the addition of demographics, body measures, and baseline conditions. The no hysterectomy/no bilateral oophorectomy group served as the reference level for hysterectomy status. Interactions between hysterectomy status and ethnicity were considered in this final modeling phase; however, none of the combinations of ethnicity and hysterectomy status interactions proved to be significant at the 0.05 level in any of the successive models. Therefore, these interactions were removed from the final results. Hazard ratios, 95% confidence limits, and probability values are presented for all proportional hazards models ( Table 4 ). All analyses were performed with SAS System for Windows, version 9.0.
Results
Of the 92 368 women of known ethnicity enrolled in the WHI Observational Study, 2454 had missing or equivocal data on hysterectomy or oophorectomy status and were eliminated from the analysis. Of those 89 914 who remained, 41% had undergone a hysterectomy; of those with a hysterectomy, approximately half had undergone bilateral oophorectomy ( Table 1) . Women with a hysterectomy who reported partial oophorectomy (5142 women) were included in the hysterectomy-alone category. Black, Hispanic, and American Indian women were more likely to have undergone hysterectomy, whereas Asian/Pacific Islander women were less likely to have undergone hysterectomy than were white women. Among black and Hispanic women, hysterectomy was less likely to involve an oophorectomy than it was in white women (Table 1) , whereas in Asian/Pacific Islander women, hysterectomies were more likely to involve oophorectomy. In black, Hispanic, and American Indian women, the age distribution at the time of hysterectomy was younger than in white or Asian/Pacific Islander women, with more of those women having a hysterectomy before 40 years of age (Table 1) .
Women who had undergone hysterectomy differed from those who had not in many CVD risk factors at initial screening ( Table 2 ). They were more obese and had greater waist circumferences. They were more likely to be hypertensive, a greater proportion reported high cholesterol that required medication, and white blood cell count was higher. A greater proportion of these women were taking postmenopausal hormone therapy in the form of unopposed estrogen; of women who had not undergone hysterectomy, the majority of hormone users were taking combination hormone therapy, whereas only 1265 (6.8%) were taking estrogen alone (data not shown). The women who had undergone hysterectomy participated in fewer episodes of exercise per week and had slightly higher percentages of caloric intake from saturated fat. They had relatively lower incomes, had attained lower levels of education, and had greater parity. Ages at menarche and first birth were younger. In addition, they had more self-reported CVD at baseline by all indicators, including prior MIs, coronary revascularization procedures, stroke, and congestive heart failure. They also reported more angina and peripheral arterial disease at baseline and had a greater family history of early myocardial infarction. Women who had undergone hysterectomy had a higher percentage of diabetes at baseline. In general, those with oophorectomy were slightly worse off on measured health characteristics than those who retained their ovaries.
After a mean 5.1-year follow-up, total CVD (fatal plus nonfatal) was significantly higher in those women who had undergone hysterectomy (Table 3) . A significantly greater proportion of women with hysterectomy had an incident nonfatal cardiovascular event, including MI, revascularization procedure, stroke, angina, and reported congestive heart failure. CVD deaths tended to be higher in women with a hysterectomy, reaching significance when the 3 groups were compared.
When women with hysterectomy were compared with those without hysterectomy, risk factors for CVD were relatively similar in multivariate models, with incident CVD as a dependent variable run separately for women with a uterus, without a uterus but with ovaries, and again for those women with both a hysterectomy and bilateral oophorectomy. The following baseline variables were significant as independent predictors of CVD in all groups: age, hypertension, smoking, high cholesterol, diabetes, white blood cell count, and family history of early myocardial infarction. Weekly number of episodes of physical activity was inversely related to CVD in all groups. Parity and marital status were marginally significant in at least 1 of the models (data not shown).
A series of models was constructed to explore the relation among hysterectomy/oophorectomy and CVD (Table 4 ). In univariate analyses, hysterectomy alone, hysterectomy with oophorectomy, and the combined group were significant predictors of CVD (hazard ratios 1.23, 1.28, and 1.26, respectively, PϽ0.001). The addition of demographic variables, such as age, ethnicity, family history, income, and education, to the models reduced the hazard ratios to 1.14, 1.19, and 1.16, respectively (Pϭ0.021, Pϭ0.002, and PϽ0.001). Further addition of physiological measures (body mass index and white blood cell count), physical activity, and dietary saturated fat reduced the hysterectomy-only hazard ratio to 1.11, 1.16, and 1.14, with probability values of 0.064, 0.009, and 0.006, respectively. The further addition of baseline medical data (hypertension, diabetes, high cholesterol, smoking, peripheral arterial disease, and deep venous thrombosis histories) had little effect on the hazard ratio, with hysterectomy only and hysterectomy plus oophorectomy both being nonsignificant and the combined group all being of borderline significance (respectively, 1.10, 1.11, and 1.10; Pϭ0.118, 0.086, and 0.042). Addition of reproductive variables, such as postmenopausal hormone therapy, parity, and age at menarche or first birth, to the model did not substantially alter the conclusions. A similar series of models was constructed with "hard" coronary heart disease outcomes (MI or coronary death, nϭ859). Hazard ratios for hysterectomy and hysterectomy plus oophorectomy, either univariate (0.99 and 1.11) or adjusted (0.94 and 1.04), were not significant at the Pϭ0.05 level. There were no significant ethnicity-hysterectomy/oophorectomy interactions.
Discussion
These data represent the largest analysis of incident CVD and its determinants by hysterectomy status in postmenopausal women to date. This cohort of women from the Observational Study of the WHI is not a population-based sample, but the cohort is geographically diverse and includes a wide range of ethnicity and socioeconomic status. Compared with National Health and Nutrition Examination Survey (NHANES) data, average body mass index was similar to other women in this age range, and ethnic distribution of the sample was similar to that of other US women in this age distribution. In general, however, the women in this cohort were healthier at baseline than women of this age in the general population, as indicated by lower baseline prevalence of hypertension, 18 CVD, 20 high cholesterol that required medication (pills), 21 and smoking 22,23 compared with NHANES III or the National Health Interview Survey. Household income and level of education also were higher, 22 and fewer women reported no leisure-time physical activity. 24 That these women were at relatively low risk and had relatively healthier medical histories is not surprising given the voluntary recruitment strategy. On the other hand, the differences in most of these variables were not large.
The percentage of women who had a hysterectomy (average 41%) is higher than that reported in the general US population. This relatively higher overall hysterectomy rate might be related to the fact that some of these women were originally recruited as part of an effort to recruit for the WHI hormone trials, to which women with a hysterectomy might have been more attracted. In this sample, the hysterectomy rates were significantly higher in black and Hispanic women and lower in Asian/Pacific Islander women. Ethnic differences in hysterectomy rates have been reported in some 3,4,6 but not all 5 previous studies. As with other studies, we found that minority women underwent hysterectomy at an early age but (except for Asian/Pacific Islander women) were less likely to have their ovaries removed. 4 Any ethnic differences must be interpreted with caution, because the smaller number of women in the minority groups makes it less likely that they are representative of the ethnic group as a whole.
The present data show that women with a hysterectomy had more obesity and diabetes and a worse CVD baseline risk factor profile than women without a hysterectomy in almost all respects. They had higher rates of hypertension and hypercholesterolemia, less physical activity, and higher saturated fat intake. In general, the adverse risk factor profile was present in women with a hysterectomy with or without oophorectomy, although risk factor profiles generally were worse in women who had also undergone oophorectomy. Although some of the differences in risk factors are small, several (hypertension, diabetes) were of clinical significance and taken together are predictive of increased CVD risk. The women who had undergone hysterectomy had lower average family incomes and less education. This is consistent with previous studies showing that hysterectomies are performed more commonly in women with low socioeconomic status. 4 This increased rate may be explained by the higher rates of obesity and diabetes, which are associated with greater incidence of fibroids and abnormal menstrual bleeding, both of which are indicators for hysterectomy. The low socioeconomic status with lower access to health care also may explain the poorer CVD risk factor status; studies have shown that rates of hypertension and hyperlipidemia are higher in individuals with lower income and education. 24 Higher rates of CVD by all measures were seen both at baseline and during surveillance in women with a history of hysterectomy, with or without oophorectomy. These women were more likely at baseline to report a history of MI, strokes, revascularization procedures such as CABG and PTCA, and other manifestations of CVD, such as angina, congestive heart failure, and peripheral arterial disease. Annual unadjusted incidence rates for total CVD were almost 25% higher in women who had undergone hysterectomy. The majority of events were MIs and revascularization procedures, but the differential also appeared to be present in incidence rates of total CVD, angina, and congestive heart failure. Total mortality was higher in women who had undergone hysterectomy, and women who had undergone hysterectomy plus oophorectomy had higher rates of CVD mortality.
Hysterectomy alone, hysterectomy with oophorectomy, or any hysterectomy were significant univariate predictors of CVD, with hazard ratios of 1.23, 1.28, and 1.26, respectively. In the multivariate models, adjustment for demographics, ethnicity, education, and income reduced the hazard ratios, although they remained statistically significant. On further adjustment for risk factors, such as body habitus, blood pressure, physical activity, and dietary habits, the hazard ratios were further reduced and were of borderline significance. Inclusion of the other medical variables associated with hysterectomy, such as baseline hypertension, diabetes, high cholesterol, and peripheral arterial disease, further reduced the hazard ratios for CVD, and most were no longer significant.
In considering the sequential models, the data suggest that hysterectomy status was not independently associated with risk of CVD; rather, the adverse outcome is due to the adverse risk factor profile of women who undergo hysterectomy. It could be argued that removal of reproductive organs, especially the ovaries, is associated with a multitude of hormone changes that have been reported to influence CVD risk, and we do not know the risk factor status of these women before hysterectomy or the reason for the surgery. However, the present data do support the hypothesis that women who undergo hysterectomy in the United States tend to have lower income and education levels, more obesity and diabetes, and more adverse CVD risk factors and therefore greater CVD.
Some limitations of the study include that this is not a population-based sample of women, although the participants represent a wide range of ethnicity, education, socioeconomic status, and geographic distribution. In addition, hysterectomy and oophorectomy status, as well as other reproductive factors, were all obtained from self-report and not confirmed by medical record review. On the other hand, other studies have reported reasonable validity for self-report of hysterectomy. 25, 26 Any inaccuracy in reporting could have obscured differences between the hysterectomy-alone and hysterectomyplus-oophorectomy groups.
Much attention in the United States is being placed on preventing CVD in postmenopausal women, and aggressive control of risk factors is warranted in all postmenopausal women. The present data suggest that healthcare providers should be aware that women who have undergone hysterectomy are more likely to have multiple CVD risk factors and therefore to be at increased risk of CVD.
